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SUMMARY AND IITRODUCTION-
This document is presented as an extension of several similar 
internal notes which have been published as an aid in general 
mission planning (ref. I through 5). Since these earlier internal 
notes consider only circular and low elliptic orbits, it was 
thought desirable to publish a similar study on high elliptic orbits. 
Therefore, this document considers elliptic orbits with perigees up
 
to 200 n. mi. and apogees up to 10 000 n. mi. For each orbit
 
considered, various retrofire AV's were used every 100 in true
 
° anomaly from O to 3600. Also, retrograde pitch angles of 00, 100, 
200, 300, 400, and 500 were used for each ZV. 
MATHEMATICAL MODEL
 
Keplerian equations, a spherical rotating earth, and instantaneous
 
velocity changes were used in this study. The Keplerian solutions
 
were obtained from a general elliptical orbit and reentry program, 
E042. A reentry altitude of 400 000 ft and a circular earth with 
a radius of 20 907 447 ft were used. Beta angles are measured
 











The results of the study are presented in 43 figures of inertial 
velocity at 400 000 ft, inertial flight-path angle at 400 000 ft, time 
from retrofire to 400 000 ft. and central angle of travel (orbit 
referenced) from retrofire to 400 000 ft. All of these parameters ate 
plotted as a function of true anomaly of retrofire. The various pitch
 
angle curves are found on each plot. A complete set of figures is
 
provided for each orbit and AV considered.
 
It should be noted that for the orbits -with apogees less than 
1000 n. mi., ,nV's of from 100 fps to 700 fps were used, while AV's 
from 100 fps to 2100 fps were used for the orbits with apogees from 
2000 n. mi. to 10 000 n. mi. This was done in order to present the 
most valuable picture of reentries throughout the entire orbit without 
using unrealistic AV's for the orbit being considered. However, for
 
the higher apogees, AV's of 2100 fps were still not sufficient to
 
reenter from the perigee region. Therefore, figures 43 (a) through (e)
 
were prepared to indicate the 6V's needed in this region.
 
The figures present the minimum LV needed at perigee to achieve a
 
reentry. There is a figure for each perigee altitude considered in
 
the document, and the apogee altitudes are used as the parameter which
 
5V is plotted against. Thus, for any of the orbits in this document,
 
one may determine the minimum AV needed at perigee to reenter. Naturally, 
these reentries would have flight-path angles near 00 at 400 000 ft, 
and the AV needed to achieve such a reentry would be the minimum AV 
needed to be assured of reentry capability from anywhere in the orbit. 
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Figure 4.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 80/800 nautical mile orbit. 
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(a5Fight-path angle and velocity for retrograde AV = 100 feet. per second. 
Figure 9.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles fo 80/10 000 nautical mile orbit. 
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(c) Flght-path angle and velocity for retrograde &V= 500 fot per second. 
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Figure 13,- Reentry parameters as a function of tre anom~aly of retrofire from various pitch angles for 100/1000 nautical rmile orbit. 
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Figure 14,- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 100/2000 nautical mile orbit. 
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Figure 16,- Reentry parameters as a function of trueanomaly of retrolire from various pitch angles for 100/6000 nautical mile orbit.
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Figure 18.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for a 125/300 nautical mile orbit. 
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Reentry parameters as a function of true anomaly of retrofire from various pitch angles for a 125/2000 nautical mile orbit. 
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Figure 37 .- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 200/800 nautical mli orbit. 
108 360 
96 - - - -1--{-320 : 
84 
72 









Sangle , degage 
200 - - - -I-:--
E'--- -r-- - ----
Ptch 1 g 
-




-- -36 - -
24 2 80 
12 - 4 0 
0 40 80 120 160 200 240 280 320 360 0 40 80 120 160 200 240 
True anoraly of retrofire, GTR' deg True anomaly of retrofire, OTR' deg 
(b) Time from retrofire and central anglo for retrograde AV = 300 feet per second. 
Figure 37.- Continued. 


















-10 0 -40 80 120 160 200 
True anomly of retrofire, OTR 
240 
dog 
40280 320 360 0 40 80 
(c) Flight-path angle and velocity for retrograde AV = 500 feet per second. 
Figuye 37.- Continued. 
120 160 200 240 
True anomaly of retrofire, 9 TR'I dog 
280 320 360 
108 360 
96 -320 --­
84 280 - - - -






- --- - - ­ -
- - -
o 




40 80 120 160 200 
True anomaly of retrofire, 
240 
TR, dog 
260 320 360 0 40 80 120 160 200 240 True anomaly of retrofire, OTR' dog 
280 $20 360 
Cd)Time from retroflie and central angle for retrograde AV = 500 feet per second. 





-1 -40I 1 1 1 11 27 0 1- - ,.  
L 27000 
C'-3 , - 26800 - - -
es C> A26600 41)­
5 -­ : :- 26400 
- - - - ­ -
-
R-,6 8- 26200 
-7 tu-- - - - - - - -26000 - ----- --
-8 : : 25 800: : : 
-10---------------------










0 40 80 120 160 200 240 280 320 360 
True anomaly of retrofire, 9 TR' dog True aronialy of retrofire, O. deg 
(e) Fllgbt~patlt angle and velocity for retrograde AV 700 feet per second. 
Figure 37.- Continued. 
108 ~1~11~ 360- j- r;r rjf;1 
84-
ec 
g6 - - - - - - -
oc 
280- ith n ia. 
al 
:L Jp , 






- - -u 
- - - -
-36 





0 40 ab 120 160 200 240 280 320 360 0 40 80 120 160 200 240 
True anomaly of retrofire, OTR, deg True anomaly of retrofire, ' T Rd eg 
(f)Time from rotrofire and central angle for retrograde AV = 700 feet per second. 
Figure 37.- Concluded. 






0 - 1r1rr. I0I~I-IrI 1 271 
3 --
-2 
_ -W a e-































- - = 26 oo­





- ---- - - - - - - - - - - - - - -l I I -
-0-
0 40 80 
25400 5 
120. 160 200 240 280 - 320 360 0 40 80 120 160 200 240 
True anomaly of rotrofire, 0TR, deg . True anomaly of retrofire, Or dog 
(a) Flight-path angle and velocity for retrograde AV = 300 feet per second. 
Figure 38.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 200/1000 nautcal mile orbit. 
280 320 360 
- - - -
- - - -- - - -- - --
--- -- 
- -
- - -- 
- -- -- - - - -
110 8--	 360 - -iF Y 
96 -- -	 ­
:M:1: 
84 	 ------ - ­
72ta~~4e --	 2:24 
0 - - - -' -' 40 -- - -­
--- I I I -- 1 2­0.60- -- I 	 E20 
-40 
S1 - ­
- -- - - - - - - - - - -12
 
- - --I- ­
24 - - 80 1-------4
1-
-4 -4 - -- ---	 t-

12 :: : 
0 40 80 	 120 1.60 200 240 280 320 - 360 0 40 80 120 160 200 240 280 320 3,60 
True anomaly ofretrofire,9, dog True anomaly TR' do'gof retrofire, 9 
(b)Time from retrofire and conral angle for retrograde AV = 3.00 feet persecond. LI~ 






-1 27 200 -
--~ iteh ,p1!, deg- --­
-2 27000 46 
- - - - 5- - - - - - - - - - - - - - -- - -
-2 6 8 00 
o - - -6o 
S-40-- - -26400­
--- - Pitchuangie, ge . - - - ­
o -4 ­ ------ - - C 266000 
-8 3 ote25d800 
-9 - - -- - - ­ - - - - 25 600 
-10 25-400 
-0 '4,0 80 120 160 200 240 280' 320 ,360 0 40 110 1120 160 200 240 2'80 320 360 
STrue anomaly of re~roflre,GTIR'deg .. True anomaly of atrofWr, QTR,deg 
(c) Flight-path angle and velocity for retrograde AV = 00 reet Dersecond. 
Figure 38,-Continued, 
108 360 
























- - - - - - - -­
----­
36 - ­ - - 201 
24 80 
12 - - - ­ -40 
0 40 80 120 160 200 240 280 320 360 0 40 80 120 160 200 
True anomaly of retrofie, grR" deg True anomaly of retroflre, 'rR' 
(d)Time from retrofire and central angle for retrograde AV = 500 feet per second. 
Figure 38.- Cont nued. 
240 
deg 




0 27 400 
-I I~- If 
I 1 27 200 
-p-- - 26 - * 
---­e ---- - 0 -- -. - -
-5T~~ '1-F-F--'7 -6-400 ---­
4- +- 26400~ --­ -- ---­ 4-­
-20 
-6 256200 
-4 2 5 0 0­ ----- - -
-I0 2 0= = 26 4000 
0 40 80 120 160 200 







0 40 80 120 160 







280 320 360 




















; 1­ - -­
o 60 o % o2 20 D 
48248 - ------
36 
- - 160 
12 
X 











- - 80M 1 0-
- -
- - - - -­
12 40 
40 80 120 160 200 240 
True anomaly of retmfire, 'TR, deg 
280 320 360 0 40 80 120 160 200 240 
Two anomaly of retroire, OTR' deg 
280 320 360 
(f) Time fIron retrofire and centralangle for retrograde AV = 700 feet per second. 











0 29 000 





-­28 ------------ --­ 27 400 --------­
-32 - - ­ - - - - - -27 000 - - ­ - ­ - ­ - -




120 160 200 240 280 320 360 0 40 80 120 160 200 240 
True anomaly of retroflre, 9TR' deg True anomaly of retrofire, 0TR , deg 
(a Filghlt-patLh angle andvelocity for retrograde &V-500 feet per second, 
Figure 39.- Reentry parameters as afunction of true anomaly of retrofire from various pitch angles for a200/2000 nautical mile orbit. 
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Figure 39.- Continued. 
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Figure 40.- Reentry parameters as a function of true anomaly of retroire from various pitch angles for 200/4000 nautical mile orbit. 
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Figure 40.- Continued. 
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Figure 40,- Contlnued. 
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Figure 41.- Reentry parameters as a function of true anomaly of retrofire from various pitch angles for 200/6000 nautical mile orbit. 
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Figure 41.= Continued. 
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Figure 42.- Continued. 
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